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REMARKS 

Prior to this Amendment, claims 1-10 and 17-21 were pending. By this Amendment, 
claim 17 has been canceled and new claims 28 and 29 added. Thus, claims 1-10, 18-21, 28, 
and 29 are now pending. 

The claims have been amended to recite an "ethyl acetate solvate" of carvedilol. 
Support for this amendment is found in the specification at page 3, lines 13-29, and page 4, 
lines 9-24, wherein page 3, lines 23-29, discloses a process for preparing a solvate of 
carvedilol involving recrystallization from ethyl acetate, providing inherent descriptive 
support for an ethyl acetate solvate of carvedilol. In addition, page 4, lines 21-24, discloses 
that the carvedilol solvate Form VI has a DTG thermogram showing a weight loss that equals 
the expected weight loss corresponding to 2 molecules of ethyl acetate per 3 molecules of 
carvedilol. 

The rejections under 35 U.S.C. §1 12 

Claims 18-21 were rejected for lack of enablement. 

The Applicants continue to believe that this rejection is in error, for the reasons that 
were detailed in the Amendment filed May 30, 2007 and that are set forth below. 

The Office Action takes the position that preparing the pharmaceutical composition or 
dosage forms of claims 18-21 will cause Form VI to convert to the thermodynamically most 
stable form. See the Office Action, sentence bridging pages 12 and 13: "The process of 
preparing a pharmaceutical composition will cause a specific crystalline form, if in the 
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metastable state to resort back to the most thermodynamically stable form, which is the form 
with the lowest vapor pressure." 

Since, according to the Office Action, the specification does not teach how to prevent 
such a conversion to the most stable form, claim 16 lacks enablement. See the Office Action, 
page 13: "The specification fails to provide the steps of ensuring that the pharmaceutical 
compositions will maintain the specific forms as found in the specification and will not resort 
back to the free form or the most thermodynamically stable form of the compound." 

The specification teaches that the claimed carvedilol Form VI can be formulated into 
pharmaceutical compositions. See page 6, line 1, to page 9, line 29. Thus, the specification 
teaches that Form VI will persist after being formulated into pharmaceutical compositions. 
The burden is on the Office Action to provide evidence or reasoning, not just mere 
speculation, as to why this teaching of the specification is incorrect. See In re Marzocchi, 
439 F.2d 220, 169 U.S.P.Q. 367 (C.C.P.A. 1971), where the United States Court of Customs 
and Patent Appeals stated: 

[A] specification disclosure which contains a teaching of the manner and 
process of making and using the invention in terms which correspond in scope 
to those used in describing and defining the subject matter sought to be 
patented must be taken as in compliance with the enabling requirement of the 
first paragraph of § 112 unless there is reason to doubt the objective truth of 
the statements contained therein .... [emphasis in original] 

439 F.2d at 223, 169 U.S.P.Q. at 369. 

[I]t is incumbent upon the Patent Office, whenever a rejection on this basis is 
made, to explain why it doubts the truth or accuracy of any statement in a 
supporting disclosure and to back up assertions of its own with acceptable 
evidence or reasoning which is inconsistent with the contested statement, 
[italics in original; underscoring added] 
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439 F.2d at 224, 169 U.S.P.Q. at 370. 

The Office Action has not met this burden. It should be noted that claims 18-21 
contain no limitations requiring all of the atorvastatin in the composition or dosage forms to 
be Form VI or requiring Form VI to persist for any particular length of time in the 
composition or dosage forms. The Office Action cited no evidence to support the premise 
that all of the Form VI is likely to convert so rapidly and so completely into the most stable 
form when formulated into a pharmaceutical composition or dosage form that a person 
skilled in the art could not practice the invention defined in claims 18-21. 

The only evidence cited in support of this rejection is Rouhi, Chemical and 
Engineering News, February 24, 2003, pages 32-35 (Rouhi) and Haleblian et al., 1969, J. 
Pharm. Sci. 58:911-929 (Haleblian). 

Rouhi at most shows that metastable forms tend to, i.e., may possibly, convert to the 
most thermodynamically stable form. See the Office Action, page 13: "Polymorphs tend to 
convert from less stable to more stable forms (Rouhi, page 32)." Rouhi says nothing about 
the likelihood, the speed of, or the completeness of, such a conversion. 

Haleblian provides evidence in support of the Applicants' position by teaching that 
conversion may be slow and thus metastable forms may be used in pharmaceutical 
compositions. See page 913: "For example, phase conversion may be so slow in certain 
ointment bases that a more soluble metastable form may be safely used. It is entirely possible 
the use of a more thermodynamically energetic form of the drug may results in a more 
efficacious therapeutic formulation." See also page 927, left column: "Many minerals 
(argonite, anatase, brookite, etc.), many drugs (75) (atophane, progesterone, estrone, 
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marfanil, sulfathiazole, veronal, etc.), and even some important metals (copper, silver, zinc, 
tin, bismuth, and cadmiimi) are used daily in the metastable form." 

There is nothing in Rouhi or Haleblian that supports the premise that Form VI is 
likely to convert so rapidly and so completely into the most stable form v^hen formulated into 
a pharmaceutical composition or dosage form that a person skilled in the art could not 
practice the invention defined in claims 18-21. 

The only reason given in the Office Action for such a proposition is the speculation 
that if Form VI is subjected to the usual procedures for making pharmaceutical compositions 
it will convert to other forms. See, e.g., the Office Action, paragraph bridging pages 12 and 
13: 

[T]he preparation of pharmaceutical compositions requires, for example, 
milling, adding excipients, surfactants, etc. The process of preparing a 
pharmaceutical composition will cause a specific crystalline from, if in the 
metastable state to resort back to the most thermodynamically stable form 
which is the form with the lowest vapor pressure. 

Furthermore, Rouhi teaches that the second premise underlying this rejection is 
wrong. Rouhi teaches that the likely outcome of formulation of a crystalline form, when 
carried out by those skilled in the art, is that the crystalline form would maintain itself for a 
reasonable period of time such that the pharmaceutical composition would be useful. This is 
part of the teachings of Rouhi since one of the main themes in Rouhi is that pharmaceutical 
companies are actively seeking new crystalline forms of compounds (even metastable forms) 
in order to formulate these new crystalline forms into pharmaceutical compositions (see page 
32, right column; "[M]uch effort is being expended looking for metastable forms of currently 
marketed drugs whose stable forms have been around for a long time." It would make no 
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sense for pharmaceutical companies to behave in such a manner if the second premise 
underlying this rejection were correct. 

Furthermore, conversion to the most stable form can be quite slow and less stable 
crystalline forms can co-exist with the most stable crystalline form. See U.S. Pharmacopia 
#23, National Formulary #18 (1995), page 1843, entry (941), X-Ray Diffraction^ 

Many compounds are capable of crystallizing in more than one type of crystal 
lattice. At any particular temperature and pressure, only one crystalline form 
(polymorph) is thermodynamically stable. Since the rate of phase 
transformation of a metastable polymorph to the stable one can be quite slow, 
it is not uncommon to find several polymorphs of crystalline pharmaceutical 
compounds existing under normal handling conditions. 

The quotation above shows that the this rejection ignores the fact that, even if 
conversion to a more stable form occurs, conversion may be "quite slow." In fact, this 
quotation implies that such "quite slow" conversion is "not xmcommon." Thus, the evidence 
of record indicates that the likely outcome of formulating Form VI into pharmaceutical 
compositions is that Form VI will persist, at least for a period of time sufficient to provide a 
usefiil pharmaceutical composition. 

In view of the above, it can be seen that the evidence provided in the Office Action is 
inadequate to support this rejection. Thus, the Office Action failed to provide "acceptable 
evidence or reasoning" to support the rejection, as required by Marzocchi. 

The Office Action appears to read claims 18-21 as including solutions of Form VI 
where the pharmaceutically acceptable carrier is water. See the Office Action, page 13: 
"Also, a solution prepared firom a specific crystalline form and water would contain the free 

* This reference was cited in the PTO-892 Form accompanying the Office Action of September 1, 2006. 
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form of the compound." The Applicants note that claim 1 8 is directed to a pharmaceutical 
composition comprising "the crystalline solid of carvedilol" of claim 1 (underscoring added). 
Claims 19-21 depend from claim 18 and thus also require solid carvedilol Form VI. In view 
of this, it is respectfully requested that this aspect of the rejection is in error. 

The Applicants believe that the above discussion demonstrates that claims 18-21 do 
not lack enablement. In view of the above, it is respectfully requested that this rejection be 
withdrawn. 

Claims 1-10 and 17-21 were rejected for lack of written description. 

In order to provide an adequate written description, the specification must reasonably 
convey to the artisan that the inventor had possession of the claimed subject matter. Fiers v. 
Revel, 984 F.2d 1 164, 1 170, 25 U.S.P.Q.2d 1601, 1606 (Fed. Cir. 1993). While a patent 
applicant does not have to describe exactly the subject matter claimed, the description must 
clearly allow persons of ordinary skill in the art to recognize that the applicant invented what 
is claimed . Vas-Cath, Inc. v, Mahurkar, 935 F.2d 1555, 1563, 19 U.S.P.Q.2d 1111,1116 
(Fed. Cir. 1991) (citing In re GostelU 872 F.2d 1008, 1012, 10 U.S.P.Q.2d 1614, 1618 (Fed. 
Cir. 1989). 

In one aspect of this rejection, the Office Action, at page 14, stated that overlays are 
the most useful method to compare PXRD data and an x-ray diffraction pattern is like a 
fingerprint. The Office Action then stated (pages 14-15): "[Ajpplicant has not provided why 
the certain peaks found in the claims are the only required peaks in the x-ray diffraction 
pattern that must match . . . nor does the specification provide any direction or guidance as to 
why certain peaks are the only required peaks in the x-ray data or other data." 
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As understood, the Office Action is requiring the Applicants to have explained why 
they chose to define their invention in terms of the PXRD peaks that are recited in the claims. 

The Applicants know of no requirement that applicants describe why they defined 
their invention in the manner claimed. The general rule is that applicants are allowed to 
define their invention as they see fit. See In re Chandler^ 319 F. 2d 21 1, 225, 138 U.S.P.Q. 
138, 148 (CCPA 1963): "The right of applicants to freedom of choice in selecting 
phraseology which truly points out and defines their inventions should not be abridged." 

Failing to provide reasons why the claims are defined in a particular manner does not 
give rise to a lack of written description. The only possible relevant inquiry with respect to 
written description raised by the Office Action's comments is whether the recitation of the 
PXRD peaks in the claims would lead one of ordinary skill in the art to doubt that the 
Applicants possessed or had invented the crystalline form that is being claimed. 

The specification clearly conveys to one of ordinary skill in the art that the Applicants 
possessed and had invented the crystalline forms of atorvastatin that are defined by the PXRD 
peaks recited in the claims. 

It is well established in the art of the analysis of crystalline forms of pharmaceutical 
compounds that a PXRD pattem is characteristic of a particular crystalline form and is used 
in the art to distinguish that crystalline form from other crystalline forms. The scientific and 
patent literature demonstrate that PXRDs are acceptable ways of characterizing crystalline 
forms, including crystalline forms of carvedilol. See, e.g.. Wall, Pharmaceutical 
Manufacturing, February, 1986, Vol. 3, No. 2, pp. 33-42 (Exhibit A), at p. 35, right column: 

The most definitive analysis of crystalline-state structure is given by x-ray 
diffraction studies. Diffraction patterns may be obtained fi-om either a single 
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crystal or a powdered specimen . In single-crystal studies, the x-ray reflection 
angles off of the rotating crystal are compiled, and interatomic distances, ring 
planes, and dihedral angles are determined based on these angles. More 
commonly in polymorphic studies, however, x-ray diffrac to grams of 
powdered samples are compared for qualitative differences , [emphasis added] 

See also Rouhi, at p. 32: 

Polymorphs arise when molecules of a compound stack in the solid state in 
distinct ways. Although identical in chemical composition, polymorphs can 
have very different properties. They are distinguishable by various analytical 
techniques, especially X-ray powder diffraction , [emphasis added] 

The present application describes and claims a crystalline form of carvedilol that are 

referred to therein as "Form VI." Form VI is described in the present application as being a 

crystalline form of carvedilol that are characterized by, inter alia, certain 20 peaks in its 

PXRD pattern. See, for example, page 4, lines 9-13, of the present application. 

From the descriptions of 20 peaks in the present application referred to in the 
preceding paragraph, one of ordinary skill in the art would understand that, at least as early as 
the filing date of the present application, the inventors of the present application possessed 
and had invented a crystalline form of carvedilol referred to therein as Form VI that is 
characterized by an X-ray diffraction pattern with the following characteristic 20 peaks: 6.5, 
7.3, 16.0, and 30.5±0.2 degrees 20. One of ordinary skill in the art would also vinderstand 
thatForm VI can be further characterized by 20 peaks at 5.8, 10.7, 11.1, 11.5, 13.1, 13.7, 
16.8, 17.7, 18.5, and 23,0±0.2 degrees 20. 

From the descriptions in the present application referred to in the preceding 
paragraphs, one of ordinary skill in the art would understand that Form VI is a crystalline 
form of carvedilol and that the 20 peaks of Form VI disclosed in distinguish Form VI from 
other crystalline forms of carvedilol. 
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The Office Action provided no evidence that one of ordinary skill in the art would 
doubt that the Applicants possessed or had invented the claimed invention. Assuming the 
Office Action is correct and that an x-ray diffraction pattern is like a fingerprint, this would 
support the Applicant's position. The recited PXRD peaks, like distinguishing whorls and 
other characteristics of fingerprints that serve to distinguish one fingerprint from another, 
distinguish the claimed crystalline Form VI from other crystalline forms and thus convey to 
one of ordinary skill in the art that the Applicants possessed and invented the claimed 
crystalline form. 

In another aspect of this rejection, the Office Action, at page 15, finds a lack of 
written description because the claims do not recite all the PXRD peaks of the claimed 
crystalline form and because the specification does not explain why all the PXRD peeiks are 
not recited. 

The peaks present in the claims 1-3, 5-10 and 17-21 do not include all peaks of 
the x-ray diffraction pattern. . . . Applicant has not provided why the entire 
"fingerprint" is not being claimed . . . The claims to only certain peaks do not 
find written description in the specification as the claims do not include the 
enter [sic, entire?] "fingerprint" and the specification fails to provide any 
description as to why the data claimed is characteristic of Form VI and why 
the entire "fingerprint" is not required. 

There is no requirement that a claim must recite every feature of an invention to 
satisfy the written description requirement. All that is required is that the specification 
clearly convey to one of ordinary skill in the art that the Applicants possessed or had invented 
what is recited in the claims. There is no need for the claims to recite every possible of 
feature of the invention for the specification to accomplish this. 

In view of the above, it is respectfully requested that this rejection be withdrawn. 
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Claim 10 was rejected as being indefinite. 

The reason for this rejection appears to be that claim 10 recited no data. Claim 10 has 
now been amended to recite Differential Thermal Gravimetry data. In view of this, it is 
respectfully requested that this rejection be withdrawn. 

The rejections under 35 U.S.C. $$102(a\ (bV and (e) 

Claims 10 and 17 were rejected as anticipated under 35 U.S.C. § 102(b) by Chen et al., 
1998, Chinese J. Struct. Chem. 17:325-328 (Chen). 

Claims 10 and 17-21 were rejected as anticipated under 35 U.S.C. §102(b) by U.S. 
Patent No. 4,503,067. 

Claims 10 and 17-19 were rejected as anticipated under 35 U.S.C. §102(b) by EP 
0918055. 

Claims 10 and 17-21 were rejected as anticipated under 35 U.S.C. § 102(b) by EP 
0893440. 

Claims 10 and 17-21 were rejected as anticipated under 35 U.S.C. §102(b) by WO 
99/05105. 

Claims 10 and 17-21 were rejected as anticipated under 35 U.S.C. §§102(a) and (e) by 
WO 02/00216. 
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Claims 10 and 17-19 were rejected as anticipated under 35 U.S.C. § 102(e) by US 
2004/152756. 

With respect to claim 10, these rejections appear to be based on the position that claim 
10 did not recite data characterizing Form VI (see the Office Action, page 4: "claim 10 has no 
limiting element to define a difference from any carvedilol"). 

Claim 10 has now been amended to recite Differential Thermal Gravimetry data. 
Accordingly, it is respectfully requested that these rejections be withdrawn with respect to 
claim 10. 

Claim 1 7 has been canceled. 

With respect to pharmaceutical composition and dosage form claims 18-21, the Office 
Action, at page 4, stated: "[T]he rejection is maintained for the pharmaceutical composition 
claims, which have not been demonstrated to be in Form VI in the instant specification. 

This reasoning appears to be the same as that discussed above in connection with the 
enablement rejection of the pharmaceutical composition and dosage form claims. The 
Applicants submit that this reasoning is in error for the reasons discussed above in connection 
with the enablement rejection. Accordingly, it is respectfully requested that these rejections 
be withdrawn with respect to claims 18-21. 

The rejections under 35 U.S.C. $103 
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Claims 1-10 and 17 were rejected as being obvious over Chen et al., 1998, Chinese J. 
Struct. Chem. 17:325-328 (Chen) in view of Grell et al., 1998, J. Med. Chem. 41:5219-5246 
(Grell) and Bym et al., "Solid State Chemistry of Drugs," 1999, pages 62-63 (Bym). 

Claims 1-10 and 17-21 were rejected as being obvious over U.S. Patent No. 4,503,067 
in view of Grell or Bym. 

Claims 1-10 and 17-19 were rejected as being obvious over EP 0918055 in view of 
Grell or Bym. 

Claims 1-10 and 17-21 were rejected as being obvious over EP 0893440 in view of 
Grell or Bym. 

Claims 1-10 and 17-21 were rejected as being obvious over WO 99/05105 in view of 
Grell or Bym. 

Claims 1-10 and 17-21 were rejected as being obvious over WO 02/00216 in view of 
Grell or Bym. 

Claims 1-10 and 17-21^ were rejected as being obvious over U.S. Patent Publication 
No. 2004/152756 in view of Grell or Bym. 

As discussed below, all these obviousness rejections are similar and suffer from the 
same defects. In each rejection, the first cited reference is relied upon for the disclosure of a 



The Office Action states "claim 1-10 and 121 The Applicants presume the "121" is a typographical error 
since there is no claim 121 . 



18 



4 

Serial No. 10/712,799 
Attorney docket no. 1662/53605 

crystalline form of carvedilol that is different from the claimed Form VI and the use of the 
secondary references and supporting arguments is similar. 

The difference between the crystalline forms of the primary references of these 
rejections and the claimed Form VI is that the crystalline forms of the primary references and 
Form VI are different crystalline forms with different physical characteristics such as X-ray 
diffraction pattems (see, e.g., the Office Action, page 19: "The difference between the prior 
art and the instant claims is that the X-ray diffraction pattern [sic, of] the crystalline solid of 
the prior art may differ from that of the X-ray diffraction pattem of the instant claims.") The 
Office Action states that one would be motivated to make Form VI in order to secure a pure 
product. See the Office Action, page 20: "One would be motivated to prepare the instantly 
claimed invention since it has long been the practice in the chemical and pharmaceutical arts 
to produce compounds in the form of crystals to secxire a pure product." Grell was cited for 
the proposition that "The employment of different solvents in the crystallization process are 
[sic] art recognized conventional variation for obtaining different forms ..." Bym was said to 
disclose that an X-ray diffraction pattem may include artifacts. In re Cofer^ 354 F.2d 664, 
148 U.S.P.Q. 268 (CCPA 1966) was cited as supporting this rejection. 

The Applicants traverse this rejection. It is respectfully submitted that this 
obviousness rejection relies on hindsight based on the Applicants' disclosure that the claimed 
crystalline Form VI exists. Before the Applicants' invention. Form VI was an unknown 
substance. Moreover, there were no known ways of making Form VI. That some other 
crystalline form such as those disclosed in the primary references might have existed does not 
make obvious the particular claimed crystalline Form VI since there could have been no 
motivation to produce Form VI when Form VI was not known to exist. Also, there could 
have been no reasonable expectation of successfully producing Form VI when there was no 
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known way of making Form VI. Furthermore, the most pertinent case law supports a 
conclusion that the presently claimed Form VI is non-obvious. 

This rejection is based on the premise that motivation to make the present invention 
could be found in the knowledge of the existence of prior art crystalline forms and the 
possibility that additional crystalline forms of carvedilol might exist. Such "motivation," 
even if it existed, is not specific enough to provide the motivation necessary to sustain an 
obviousness rejection of the present claims. Such motivation is not specific to Form VI. It 
represents a general incentive to look for additional crystalline forms, once it is known that 
crystalline forms of a compound exist. But this is not sufficient motivation to sustain an 
obviousness rejection, "A general incentive does not make obvious a particular result, nor 
does the existence of techniques by which those efforts can be carried out." In re Deuel, 51 
F.3d 1552, 1559, 34 U.S.P.Q. 2d 1210, 1216 (Fed. Cir. 1995). 

The present claims are directed to specific subject matter - a particular crystalline 
form of carvedilol. At most, the existence of other crystalline forms of carvedilol in the prior 
art could have provided a general suggestion to explore the possibility that there may be 
additional carvedilol crystalline forms in addition to those already known. As explained 
below, the Court of Appeals for the Federal Circuit has held that such general motivation to 
explore a new area is insufficient to sustain an obviousness rejection. Moreover, decisions of 
various tribunals in connection with the obviousness of crystalline forms have repeatedly 
found that such general motivation is inadequate. 

In order to arrive at the presently claimed crystalline form, based merely on the 
general motivation provided by the existence of other crystalline forms, one skilled in the art 
would have had to vary a large number of parameters in an attempt to find the right 
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parameters for producing the claimed crystalline form. Among such parameters would be: 
solvent or solvent systems, temperature, time of reaction, and carvedilol starting material 
(i.e., type of crystalline form or amorphous form). All of these parameters would have to be 
varied independently, without any specific guidance from the prior art. It can readily be seen 
that the number of permutations of these parameters would be enormous, with no guidance to 
narrow down the possibilities. 

In view of the lack of specific guidance in the prior art, and the large nvimber of 
parameters to be varied, the argxament provided in the Office Action at most demonstrates 
that it might have been "obvious to try" to make the claimed invention. The argument in the 
Office Actions thus falls into the type of obvious-to-try error cautioned against by the Federal 
Circuit in In re OTarrell 853 F.2d 894, 903, 7 USPQ2d 1673, 1681 (Fed. Cir. 1988): 

The admonition that "obvious to try" is not the standard under § 1 03 has been 
directed mainly at two kinds of error. In some cases, what would have been 
"obvious to try" would have been to vary all parameters or try each of 
numerous possible choices vmtil one possibly arrived at a successful result, 
where the prior art gave either no indication of which parameters were critical 
or no direction as to which of many possible choices is likely to be successful. 

Fiarthermore, given the total lack of guidance in the prior art as to the specific reaction 
parameters that would have led to the claimed crystalline form, the argument provided in the 
Office Action demonstrates at most that those skilled in the art would have been motivated to 
explore a promising field of experimentation. Thus, the argument in the Office Action also 
falls into the second type of error cautioned against by the Federal Circuit in O' Far re II: 

In others, what was "obvious to try" was to explore a new technology or 
general approach that seemed to be a promising field of experimentation, 
where the prior art gave only general guidance as to the particular form of the 
claimed invention or how to achieve it. 
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853 F.2d at 903, 7 USPQ2d at 168 L 

See also Ex parte Obukowicz, 27 USPQ 2d 1063, 1065 (Bd. Pat. App. & Int. 1992): 



At best, the [cited reference] is but an invitation to scientists to explore a new 
technology that seems a promising field of experimentation. The [cited 
reference] is of the type that gives only general guidance and is not at all 
specific as to the particular form of the claimed invention and how to achieve 
it. Such a suggestion may make an approach "obvious to try" but it does not 
make the invention obvious. 

Case law in which the obviousness of crystalline forms was at issue supports the 
Applicants' position, hi In re Certain Crystalline Cefadroxil Monohydrate, 15 USPQ2d 
1263 (U.S. Intern. Trade Comm. 1990), the U.S. International Trade Commission (ITC) 
reversed a finding of one of its administrative law judges (ALJs) that a Bristol-Myers patent 
claiming a particular crystalline form of cefadroxil was obvious over two prior art patents that 
disclosed processes for producing various forms of cefadroxil. 

Using reasoning similar to that of the current Office Action, the ALJ based her 
conclusion of obviousness on a determination that there was a general motivation to find 
other crystalline forms of cefadroxil and that the claimed crystalline form could have been 
obtained by methods that were obvious to those of ordinary skill in the art. The ITC 
summarized the ALJ's reasoning as follows: 

[T]he ID^ concluded that if these prior art methods were modified in a certain 
manner, using changes obvious to those with ordinary skill in the art, the 
Bouzard monohydrate"* would be produced. 

In effect, the ALJ concluded that because there was motivation to make a 
commercially usable form of cefadroxil, and obvious changes to the processes 
described in the prior art would result in production of the Bouzard 



3 refers to "initial determination," the name given to the ALJ's report. 

^ The Bouzard monohydrate was the crystalline form of cefadroxil claimed in the Bristol-Myers patent at issue. 
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monohydrate, which has been commercially successful, the Bouzard 
monohydrate was obvious under 35 U.S. C. §103. We do not believe that 
either the ZD's inquiries or its conclusions comport with controlling law. The 
ID'S method of analysis is, in fact, identical to that found in the TEO ID, 
which the Federal Circuit^ rejected as: 

irrelevant to whether the Bouzard discovery would have been 
obvious in terms of §103. The question before the Commission was 
not whether the Bouzard crystal form could have been duplicated 
with experimentation or with even minor chemical process changes; 
the question was whether this new crystal form, as a composition of 
matter, would have been obvious from the teachings of the prior art. 

• • • 

It is insufficient that the prior art shows methods that some (but not 
all) chemists were able to modify, to produce the Bouzard crystalline 
form. There must be a suggestion in the prior art that the Bouzard 
crystal structure would or should be made, whether by manipulation 
of the Garbrecht or Crast 11^ processes, or by any other process. In 
factual and legal point is In re Cofer, 354 F.2d 664, 668, 148 USPQ 
268, 271 (CCPA 1966), wherein the court held that a new crystalline 
form of a compound would not have been obvious absent evidence 
that "the prior art suggests the particular structure or form of the 
compound or composition as well as suitable methods for obtaining 
that structure or form." 

15 USPQ2d at 1268 [footnotes omitted, emphasis added] 

The ITC went on to find the Bristol-Myers patent non-obvious, stressing that the 
motivation in the prior art was too general, i.e., not directed to the particular claimed 
crystalline form and that the particular claimed crystalline form was unpredictable: 



The ID merely determined that motivation existed to produce an improved 
form of cefadroxil - not the particular structure represented by the Bouzard 
monohydrate. . . . The ID further found that: 



^ In prior proceedings concerning this dispute, the ITC had denied Bristol-Myers temporary relief (a "TEO") 
because the ITC concluded that the Bristol-Myers patent was likely to be found invalid for obviousness over 
the two prior art patents. The Federal Circuit reversed this decision on temporary relief, finding that the 
Bristol-Myers patent would likely be found non-obvious over the two patents. This Federal Circuit decision 
was reported at Bristol-Mvers Co. v. U.S. International Trade Commission , 15 USPQ2d 1258 (Fed. Cir. 1989) 
as a non-precedential decision. Thus, this Federal Circuit decision is not binding precedent, although the 
Applicants believe the reasoning therein is persuasive and would likely be followed again, were the Federal 
Circuit faced with similar facts. 

^ Garbrecht and Crast II were the two prior art patents. 
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the form of cefadroxil could not be predicted accurately until the 
experiment was made. Dr. Garbrecht expected that the cefadroxil 
DMF solvate produced by his '282 patent process would be 
crystalline, and that the final product of the aqueous crystallization 
procedure would be a solid, but he had no expectations about the 
nature of its crystallinity or hydration. (Tr. 342-44.) Dr. Baldwin [a 
Bristol expert witness] agreed with Dr. Garbrecht, and testified that 
no chemist could predict the form of hydration that a cefadroxil 
crystal could take. (Tr. 228.) 

Respondents have not disputed or contested this finding. To the contrary, one 
of their own expert wdtnesses also testified that he would not have been able to 
predict in advance the form of the Bouzard monohydrate. 

Consequently, the record indicates that the prior art did not and could not have 
suggested the particular structure and form of the Bouzard monohydrate. 
Respondents argue that the "predictability" of the Bouzard monohydrate has 
no relevance to a determination on obviousness, and instead direct our 
attention to the evidence that they submitted and the ID discussed conceming 
the obviousness of the modifications to the Crast and Garbrecht patents 
needed to produce the Bouzard monohydrate. The Federal Circuit, however, 
has ruled that "predictability" does matter, and that respondents' reliance on 
the obviousness of changes to prior art processes is in vain . . . 

15 USPQ2d at 1269-1270 [footnotes omitted] 

The facts in the present application are similar to those of In re Certain Crystalline 
Cefadroxil Monohydrate, The presently claimed crystalline form was unknown and its 
structure was thus unpredictable before the Applicants' invention. The motivation cited by 
the Office Action in the present application, like the motivation in In re Certain Crystalline 
Cefadroxil Monohydrate, is merely general, not directed to the particular claimed crystalline 
form. Since the Office Action provided no evidence that the prior art contained disclosures 
of processes that could be used to make Form VI, the Office Action must be relying on the 
obviousness of changes to prior art processes. The losing party in In re Certain Crystalline 
Cefadroxil Monohydrate similarly relied on changes to prior art processes. These similarities 
between the present rejection and In re Certain Crystalline Cefadroxil Monohydrate should 
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lead to the same conclusion as in In re Certain Crystalline Cefadroxil Monohydrate — the 
presently claimed crystalline Form VI is non-obvious. 

Although cited in the Office Action, In re Cofer, 354 F.2d 664, 148 USPQ 268 
(CCPA 1966) and Ex parte Hartop, 139 U.S.P.Q. 525 (Bd. Pat. Appeals 1962) 
support the Applicants' position. In Cofer^ the Board of Appeals (quoting Hartop) 
had sustained a rejection for obviousness of a new crystal form of a compound, 
stating: 

[M]erely changing the form, purity or another characteristic of an old product, 
the utility remaining the same as that for the old product, does not render the 
claimed product patentable . . . 

354 F.2d at 667, 148 USPQ at 271. 

The Court of Customs and Patent Appeals ruled that the broad proposition embodied 
in the Board's statement was not soimd. The Court stated: 

The cited cases fail to support the broad proposition that: 
. . . merely changing the form, purity or another characteristic of an old 
product, the utility remaining the same as that for the old product, does not 
render the claimed product patentable. 

354 F.2d at 667, 148 USPQ at 271. 

The Court went on to state that the factors to be given weight in determining whether 
the claimed crystalline form was obvious were whether the particular claimed crystalline 
structure was suggested by the prior art and whether the prior art provided methods of 
obtaining that particular structure. 

We think the board failed to address itself to other factors which must be given 
weight in determining whether the subject matter as a whole would have been 
obvious, namely, whether the prior art suggests the particular structure or form 
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of the compound or composition as well as suitable methods of obtaining that 
structure or form, [emphasis added] 

354 F.2d at 668, 148 USPQ at 272. 

Since neither the particular claimed structure, nor methods of obtaining that structure, 
were disclosed in the art, the Court reversed the rejection for obviousness. 

Applying the reasoning of Cofer to the present claims leads to a conclusion of non- 
obviousness since the prior art suggests neither the particular structure of the presently 
claimed crystalline Form VI nor methods of obtaining the claimed crystalline Form VI. 

Other case law supports a finding of non-obviousness for the present claims. In In re 
Irani, 427 F.2d 806, 166 USPQ 24 (CCPA 1970), the Court of Customs and Patent Appeals 
again reversed the Board of Patent Appeals after the Board held obvious claims to a 
crystalline form of a compoxmd based on a disclosure of a non-crystalline form of the same 
compound. The Court foimd that the prior art did not suggest that the particular claimed 
crystalline compound existed or provide a method for making it. 

Upon due consideration of all these reference disclosures conceming the 
physical forms in which various known aminophosphonic acids exist, we think 
the most definite conclusion that can be reached is that some of these acids can 
be obtained in crystalline form and some cannot, and that of the former group 
some can be obtained with ease by conventional procedures and some only 
with great difficulty by specially devised techniques. This being the case, we 
cannot conclude that it would have been obvious that crystalline, anhydrous 
ATMP could exist. 

As stated above, even assuming that one skilled in the art could have predicted 
with reasonable certainty that crystalline anhydrous ATMP could be produced, 
we are not convinced by this record that it would also have been obvious how 
this could be achieved. We note that neither the examiner nor the board has 
contended that a suitable process would have been obvious, [italics in original] 

427 F.2d at 809, 166 USPQ at 27. 
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The present situation is similar to that in Cofer and Irani. The prior art fails to 
suggest the existence of the particular claimed crystalline form and the prior art fails to 
suggest methods by which that particular crystalline form can be obtained. Given the 
holdings in Cofer and IranU it is clear that the present claims, like those in Cofer and Irani^ 
are not obvious. 

The lack of disclosure of a method of making the claimed crystalline Form VI in the 
prior art leads to a conclusion of non-obviousness for the present claims not only under Cofer 
and Irani but also under In re Grose, 592 F.2d 1 161, 201 USPQ 57 (CCPA 1979). In Grose, 
the court made it clear that a conclusion of obviousness of one compound based upon its 
structural similarity to another compoxmd depends upon the assumption that the method 
disclosed for producing the prior art compound can be used to produce the new compoimd. 

One of the assumptions underlying a prima facie obviousness rejection based 
upon a structural relationship between compoimds, such as adjacent homologs, 
is that a method disclosed for producing one would provide those skilled in the 
art with a method for producing the other. 

592 F.2d at 11 68, 201 USPQ at 63. 

Failure of the prior art to disclose or render obvious a method for 
making any composition of matter . . . precludes a conclusion that the 
composition would have been obvious. 

592 F.2d at 1 168, 201 USPQ at 64. 

There is no evidence of record that shows that the presently claimed crystalline Form 
VI can be produced by the methods disclosed in the prior art. Given that the production of 
particular crystalline forms is highly sensitive to the precise reaction conditions used, it is 
highly likely that the prior art methods could not produce the presently claimed crystalline 
form. The prior art is devoid of any suggestion as to the particular modifications of prior art 
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processes that would lead to the production of the particular claimed crystalline Form VI. 
Accordingly, the presently claimed crystalline Form VI is non-obvious imder Grose. 

Another case holding that the disclosure of one crystalline form of a pharmaceutical 
compound does not make obvious other, different forms is Ex parte Gala^ 2002 WL 851814 
((Board of Patent Appeals & Interferences, date unavailable).^ In Ex parte Gala, the Board 
reversed a rejection for obviousness of claims directed to a particular crystalline form of a 
pharmaceutical compoimd. Form 2 of loratadine. The cited art included a patent (Villani) 
that disclosed a different crystalline form of loratadine, Form I. 

Villani discloses polymorph form 1 of loratadine, but does not disclose or suggest 
that loratadine may assume distinct, crystalline polymorphic forms having different 
physical properties. Nor does Villani teach a person having ordinary skill in the art 
how to make polymorph form 2 of loratadine. 

Ex parte Gala, page 2. 

The Examiner in Gala had relied on Hartop, stating: "[M]erely changing the form, 
pvirity or another characteristic of an old product, the utility remaining the same as that for the 
old product, does not render the claimed product patentable." {Ex parte Gala, page 3). The 
Board summarized the Examiner's reasoning as follows: 

According to the examiner, polymorph form 2 loratadine is merely another form of an 
old product (polymorph form 1 loratadine) and both forms possess the same utility. 
Accordingly, the examiner concludes that applicants' claims, reciting polymorph form 
2 loratadine, are unpatentable. 

Ex parte Gala, page 3. 

The Board rejected this reasoning and reversed the rejection, stating that Cofer 
"substantially discredited" this reasoning. 



A copy of this decision was provided with the previous Amendment as Exhibit A. 
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The current rejection is inconsistent with well-established principles relating to the 
issue of obviousness of chemical compounds. It is well settled that the properties of a 
claimed chemical compound must be taken into account when conducting an obviousness 
inquiry. See, e.g.. In re Papesch, 315 F.2d 381, 391, 137 USPQ 43, 51 (CCPA 1963): "From 
the standpoint of patent law, a compound and all of its properties are inseparable; they are 
one and the same thing." The Grose court reiterated this principle and stated that differences 
in X-ray diffraction patterns between a claimed compound and prior art compounds were 
among the types of differences in properties that support a conclusion of non-obviousness for 
claimed compounds. 

Determining whether a chemical composition is prima facie obvious from 
another may rest on whether differences in structure and properties of the 
compositions can be accounted for by obvious modifications in the synthesis 
process or by obvious modifications of one composition to yield the other. If 
the differences in X-ray diffraction data between the zeolites here involved 
had indicated an actual difference in crystal structure, the present record would 
belie a conclusion that such differences resulted from obvious modifications of 
any prior art synthesis process or from obvious modifications of Milton*s 
zeolite R to yield the claimed zeolite. 

592 F.2d at 1 168, 201 USPQ at 63. 

The X-ray diffraction pattern of the presently claimed crystalline Form VI differs 
from the X-ray diffraction patterns disclosed in the prior art. These differences represent real, 
significant differences in structure, and thus properties, between Form VI and prior art forms. 
"Because of differences in the dimensions, shape, symmetry, capacity (number of molecules), 
and void volumes of their unit cells, the different polymorphs of a given substance have 
different physical properties arising from differences in molecular packing." David J. W. 
Grant, Theory and Origin of Polymorphism, in Drugs of the Pharmaceutical Sciences, vol. 
95, Polymorphism in Pharmaceutical Solids, Chapter 1, sentence connecting pages 5 to 8 
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(Harry G. Brittain ed., 1999).^ Physical properties that may differ among various polymorphs 
include: packing properties, thermodynamic properties, spectroscopic properties, kinetic 
properties, surface properties, and mechanical properties. Id. at 7. Because different 
crystalline forms exhibit different structure and different properties, the disclosure of one 
crystalline form does not render obvious another crystalline form. The different structures 
and different properties of crystalline forms make this art xmpredictable. There is a large 
amovmt of uncertainty involved in arriving at any particular crystalline form, or even knov^dng 
that such a form exists. The process of making new crystalline forms is essentially a process 
of trial and error. See, e.g., Rouhi, at p. 32: "But no method yet exists to predict the 
polymorphs of a solid compound with significant certainty. The search for polymorphs is 
largely an empirical exercise." The Patent Office has recognized this unpredictability by 
routinely granting patents for novel crystalline forms over both the free form and other 
known crystalline forms. 

Li view of the above, it is respectfully requested that these rejections be withdrawn. 

The time for responding to the Office Action was set for August 25, 2007. Enclosed 
herewith is a Petition for the Extension of Time under 37 C.F.R. § 1.136(a) for a period 
sufficient to permit the filing of this paper. Charge any fees associated with the Petition for 
the Extension of Time to Kenyon & Kenyon's Deposit Accovint No. 1 1-0600. 

The Applicants hereby make a Conditional Petition for any relief available to correct 
any defect seen in connection with this filing, or any defect seen to be remaining in this 
application after this filing. The Commissioner is authorized to charge Kenyon & Kenyon's 

* A copy of Grant was enclosed with the previous Amendment as Exhibit B. 
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Deposit Account No. 1 1-0600 for the Petition fee and any other fees required to effect this 
Conditional Petition. 



Respectfully Submitted, 
Date: t^o V . 26, ^00-7 Q 

Reg. No. 38,413 

KENYON & KENYON LLP 
One Broadway 
New York, NY 10004 
(212) 425-7200 (telephone) 
(212) 425-5288 (facsimile) 

CUSTOMER NUMBER 26646 
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Pharmaceutical 
AppI Ications 
of Drug Crystal 
Studies 

G. Michael Wall 



Many drugs exist in one or more crystalline 
forms, either alone or in combination with 
other drugs, excipients, or solvent mole- 
cules. As crystalline configurations vary, 
lattice energies will also vary, and the different crystal 
forms may act as if they were different compounds, mani- 
festing differences in melting point, solubility, dissolu- 
tion rate, density, hardness, and/or chemical stability. 
Such variations can have serious effects when com- 
pounds are used as pharmaceutical agents. For example, 
a polymorphic drug may change its crystal structure 
upon compression or grinding during the tabletting pro- 
cess or during scale-up procedures using differing sol- 
vent ratios, and the resulting variation could drastically 
affect the pharmaceutical product's solubility or dissolu- 
tion rate and, hence, its bioavailability. 

The early literature covering pharmaceutically signifi- 
cant aspects of crystal theory contains several excellent 
reviews,^"^ including a report on polymorphism in 
pharmaceutical formulations^ and a classic review of 
crystal habits containing specific information on solvates 
and clalhrates.^ The object of this paper is to provide an 
overview of the subject and an update on the many re- 
cent studies of polymorphism and crystal adducts of 
commercially available organic drugs. 



Pharmaceutical Manufacturing/Feb 1966 



33 



r TERMINOLOGY AND NOMENCLATURE 

A pure drug that exhibits more than one crystalline 
form is known as polymorphic, the term polymorphs re- 
ferring to compounds having exactly ihe same chemical 
composition. Upon crystallization, however, a crystal 
may incorporate solvent molecules into its lattice struc- 
ture, resulting in a crystal adduct called a solvate. If the 
solvent incorporated is water, such a crystal Is called a 
hydrate. Obviously, solvates can also exhibit polymor- 
phism; however, solvated and nonsolvated polymorphs 
of the same compound should be referred to as pseudo- 
polymorphs because the crystals of the two types of 
polymorphs are in fact of different chemical composi- 
tion. For example, chlordlazepoxide hydrochloride has 
been shown to exhibit two polymorphic forms and one 
pseudopolymorphic (monohydrate) form.^ Cases of 
polymorphs and solvates constitute the bulk of reports on 
variations in drug crystals. 

Different crystal lattice configurations are associated 
with different energies, and, for each compound, one 
configuration will exhibit energy characteristics that 
render it the most stable. The less-stable (higher-energy) 
polymorphs are known as metastable. In the literature, 
metastable polymorphs are sometimes also referred to as 
"unstable." However, the heats of transition of metast- 
able polymorphs can be quite high, resulting in an ade- 
quately "stable" form for most practical purposes. 

In dealing with stable and metastable polymorphs, two 
other terms are sometimes encountered: monotropic and 
enantiotropic. Expert sources should be consulted for 
strict definitions.^'^ For simplicity, however, consider the 
hypothetical case of two polymorphic pairs, each con- 
sisting of a metastable and a stable polymorph. For pair 
one, heating will cause both polymorphs to pass directly 
into the liquid phase, but for pair two, upon heating the 
metastable polymorph will first be transformed into the 
configuration of the stable polymorph, which will in turn 



liquefy. The first pair of polymorphs have a monotropic 
relationship, whereas the second are referred to as 
enantiotropic. (These hypothetical cases represent ideal 
situations: in reality, the distinction is often difficult to 
observe in the laboratory.) 

As far as crystal nomenclature is concerned, there is no 
universally accepted numbering system for polymorphs. 
The designation of forms 1 , 2; 1, 11; A, B; or a and fi does 
not imply any information on stability or metastabtlity. 
When a particular solid state is obtained during drug de- 
velopment, it may not be possible to determine whether 
that form has the lowest possible energy. Therefore, the 
form designations of a polymorph may indicate the 
chronological order of discovery, or, if several were dis- 
covered simultaneously, may Indicate a logical progres- 
sion in the ascending order of their melting points. 

DETECTION METHODS 

Several analytical methods are commonly used to 
study polymorphs, including thermoanalysis, infrared 
(IR) spectroscopy, and x-ray diffraction. A brief descrip- 
tion of each and some applications follow. 

Thermoanalysis. The thermoanalytical methods most 
often used for pharmaceuticals are differential scanning 
calorlmetry (DSC) and differential thermal analysis 
(DTA). These methods both provide thermograms that il- 
lustrate endothermic (heat absorption) or exothermic 
(heat Joss) transitions in solids. The presence of a multi- 
plicity of peaks in a thermogram usually indicates 
polymorphism. 

In DSC, a sample and a reference standard are placed 
in separate containers, which are gradually heated at a 
constant rate. As the sample melts, there is a temperature 
lag behind that of the standard. In order to compensate 
for this temperature difference, the instrument provides 
heat input to the sample and records this input, which 
may be quantitated. Melting usually causes an 
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Figure I : Differential calorimetric scan 
showing the presence of disopyramide 
polymorphic forms i and II. 



figure 2: Differential thermograms of 
commercial (form I) and heat-treated 
(form II) samples of mercaptopurine. 
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Figure 3: Solution calorimetric 
thermograms for typical exothermic 
and er^dothermic reactioris. 



Figure 4: Infrared spectra of 
polymorphic forms I and II 
of sulfabenzamide. 
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endothermic peak in a thermogram. Figure 1 illustrates 
how DSC was used to identify polymorphic forms I and II 
of disopyramide; the thermograms' peaks reveal 
endothermic absorptions at their respective melting 
points (86^ and 97°C).* 

Differential thermal analysis, also employed in drug 
crystal studies, Is more qualitative than is DSC. In DTA, a 
sample and reference standard are heated by a common 
source, and thermocouples placed in contact with them 
monitor temperature differences, which are plotted 
against time. DTA has been used to show that commer- 
cially available mercaptopurine exists in polymorphic 
form I — indicated by the two endothermic transitions il- 
lustrated in Figure 2 — and that incubation of the drug 
results in a new form (II), which displays only one 
endothermic transition, also shown in the figure.^ 

In addition to DSC and DTA, solution calorimetry has 
also been useful in studying polymorphs.®' Since dif- 
ferent crystalline or amorphous configurations have dif- 
ferent lattice energies, their heats of solution in any given 
solvent also differ. These heats of solution are measured 
with a calorimeter connected to a chart recorder. As the 
drug dissolves in the calorimeter solvent, time-versus- 
temperature plots are recorded (see Figure 3). This 
method has been employed to show morphological dif- 



Figure 5: X-ray diffraction patterns 
for pulverized samples of a and 
forms of progesterone. Solid line 
shows a; dotted line shows fi. 



ferences in crystals of ^-lactam antibiotics,® bendro- 
flumethiazide,' indomelhacin,'° and sulfathiazole.' 

Infrared Spectroscopy. IR spectroscopic evaluation of 
crystalline compounds is a routine part of most polymor- 
phic studies. The spectra are produced from the solid 
form as an oil suspension or potassium bromide pellet 
since solution spectra of polymorphs would look identi- 
cal. Frequencies of IR absorption correlate closely with 
vibrations from various parts of the molecule. This 
technique was useful in identifying tautomeric 
polymorphs of sulfabenzamtdej^ the spectraTof which are 
shown in Figure 4. 

X-ray Diffraction. The most definitive analysis of 
crystalline-state structure is given by x-ray diffraction 
studies. Diffraction patterns may be obtained from either 
a single crystal or a powdered specimen. In single-crystal 
studies, the x-ray reflection angles off of the rotating crys- 
tal are compiled, and interatomic distances, ring planes, 
and dihedral angles are determined based on these an- 
gles. More commonly in polymorphic studies, however, 
x-ray diffractograms of powdered samples are compared 
for qualitative differences. For example, this technique 
was useful in establishing the presence of a and p forms 
of progesterone in powdered samples (see Figure 5)J^ 

Text continued on page 37 
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RECENT POLYMORPHrC STUDIES 



Drug 


Number i%i 
roiyiTiorpiiic 
Forms' 


References 




roiymorpnic 
Forms* 


References 




2 


56 


DIphenidol 


NA 


65 


r\t.triti III 1 nopnen 


2 


jO 


Oipyriddfnol 


2 


39 




4(1)* 4 


57 




NA 


65 




4 


J/ 


Disopyramide 


2 


6, 56 




3 


24 56 


Droperidol 


3, 1 


66 




2 




Erythromycin 


1(1), 1 


89 






Ail 


Frvthmmi/ci n pstnl^tp 


NA 


90 
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Estradiol 


in ) 


17 
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O 1 




NA 


91 
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Ethambutol dihydrochloride 


NA 


83 


Amobarbit^l sodium 


1 1 

• t ' 


63 


Ethinyl estradiol 


3, 3 


92 


Afnpicniin 


2 1 


13 


Ethyl biscoumacetate 


2 


56 


A7anpr/)np 


2 


41, 64 




NA 


93 


vciia^iy^iiic 






Fluanisone 


3 


64 


hydrochloride 


NA 


65 


Flucloxacillin 


1» 2 


94 


Bendroflumethidzide 


2 


9 


Flufenamic acid 


5 


56, 95, 96 


Benpcridoi 


3, 2 


66 


Glymidine sodium 


2 


97 


Betamethazone acetdt6 


NA 


67 
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1, 3 
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99 


Caffeine 


2 


39, 69 
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100 


Carbromal 




30 


Hydroflumethiazide 


1(1) 


31 




3 


70 


Indomethacin 


2 


10 3S 101 


CefamandotG naftatc 


1(2) 1 


8 






102, 103 


Cefamandolft sodium 




8 


Maprotitine 






f Afaynlin codiiim 

^^lO&UIIII SUUIUill 




a 
o 


hydrochloride 


3 






1M \ 
• U / 


7] 




NA 


88 


Cephalexin 


K 8 


22 


Mebendazole 


5 


39 




1 4 


72 


Medrogesterone 


NA 


104 


CpnhAlnolvrin 




11 


Mefenamic acid 


2 


j\j 


Cpohdlnfhin cndium 


in \ 


8 




NA 


95 


C^KIorjimnKpni^nl nalmifatck 
>wiiiVi aiii|jiiclll^Vl l^allllllalC 






Menadione 


3 






3 


21 


Meprobamate 


3 


51 105 




2 


74. 75, 76 




2 


56, 106 




1 


77 


Mercaptopurine 


2 


7 


Ch lordiazepoxide 






Metahexamide 


4, 1 


107 


h vdro^*hloridp 


2, 1 


4 




4 


56 


Chloroquine diphosphate 


2 


78 


Methisazone 


3 


42 


Chlorothiazide 


1(1) 


18, 79 


Methylprednisolone 


2 


56 


Chlorpropamide 


5, 1 


80 


Methyltestosterone 


2 


108 




5 


25, 56 


Metronidazole benzoate 


2, 1 


109 




3 


39 


Nabilone^ 


4(1) 


55 




NA 


Ai 

O 1 


Nafrillin 

I^OI^III III 


in t 


71 


Cimetiuine 


3. 1 




Nir'orffnl in^ 

• ^ gUI 1 1 IC 




110 


v<iQtri mazoie 


2 


*» 1 


N icrtttmimiHp 
1 ^ ■ >i laii iiuc 




S6 


Codeine 


3 


O 1 


Nlif^Hinin^ 

I^IICUIUIIIC 




1 1 1 


Cyclophosphanfiide 


1 1 
• * * 






«> 


*?7 


Oapsone 


NA 


83 


Oxyclozanide 


3 


56 


Difenoxin hydrochloride 


2 


84 


Penicillamine ^ 


2 


112 


Digitoxin 


NA 


85 


Penicillin C 


1(1) 


8 


Oigoxin 


3(1) 


86 


Pentobarbital 


3 


39 




3 


87 




2 


113 




2 or 3 


85 


Phenobarbital 


4 


56 




1(1) 


17 




2, 1 


36 


Oimethoxanate 








2(1) 


31 


hydrochloride 


NA 


88 




1(1) 


30, 32, 43 


Oiphenadione 


NA 


88 




NA 


62 



36 
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Drag 


Polymorphic 


References 




Forms* 




Phenobarbitai sodium 


2 


114 


Phensuximide 


NA 


104 


Phenylbutazone 


5 


26 




4 


33, 45 




3 


27, 28, 56, 






115 




2, 2 


116 




2 


44 


Phenylpropylmethylamine 






hydrochloride 


2 


56 


Phenytoin 


2 


117 


Prednisolone 


1, 1 


54 


Prednisone 


1(1) 


99 




NA 


68 


Progesterone 


2 


12, 56, 118, 






119 


Propantheline bromide 


2 


120 


Propyphenazone 


2 


121 


Prothioamide 


2 


56 




NA 


104 


Rifampicin 


NA 


122 


Spironolactone 


4 


123 




10) 


17 


Succinylsulfathiazole 


2(1), 4 


124 


Sulfabenzamide 


2 


11, 39, 125 


Sulfaethidole 


2 


56 


Suifaguanidine 


2 


56 




NA 


50 


Sulfameter 


5 


56 




4, 4 


126 




2 


38, 127 


Sulfamethoxazole 


5 


128 




3 


53 




2(1) 


34 




1(1) 


52 


Su Ifamethoxypyridazi ne 


3 


56 


Sulfanilamide 


4 


129 




3 


47, 56 




NA 


48, 130 


Sulfapyridine 


5 


131 




4 


56 




3 


19 




2(1), 3 


132 


Sulfalhiazole 


3(1) 


133 




3 


56 




2 


9, 29, 40, 






49 




NA 


134 


Sulfazamet 


2 


56 


Testosterone 


2 


108 


Tetracaine hydrochloride 


3 


56 


Theophylline 


2 


56 




NA 


135 


Tolbutamide 


4 


23. 56, 136 




3(1) 


137 




2 


15 




NA 


61 


Triamcinolone diacetate 


2(1) 


138 


Trimethoprim 


3(3) 


139, 140 




2 


141 



*Cfystal (amorphous), solvate forms. 

^Evidence of polymorphism noted. Specific number of forms may 
or may not be available in literature. 
^Not yet commercially available. 



Other Techniques. Traditional methods such as hot- 
stage microscopy also are still useful in polymorphic 
studies. Hot-stage microscopy is actually a thermoanalyt- 
ical technique in which solid-solid transitions are vi- 
sually observed during melting, cooling, and remelting. 
Two other methods have been documented to a lesser 
extent in polymorphic studies: Laser Raman spectros- 
copy has been employed in the identification of the sol- 
vates of griseofulvin,^^ '^ and the polymorphs of ampicil- 
lin,^^ sulfabenzamide,^^ and tolbutamide;'^ and electron 
microscopy has been incorporated into polymorphic 
studies on butacaine sulfate,*^ digoxin,^^ and thiazide 
diuretics.'® 

Interpretation of polymorphic data Is gradually im- 
proving from empirical observations to detailed analyses 
of chemical bonding mechanisms within the crystal. For 
example, the specific tautomers involved in the confor- 
mational polymorphism of sulfabenzamide'^ and 
sulfapyridine'^ have been determined. As Figure 6 
shows, these compounds have the potential lo exist as 
either amides or imides within the crystal. 
Sulfabenzamide polymorphs exhibit both an amido form 
(form I) and an amido-imide tautomeric pair (form II);" 
sulfapyridine polymorphs exist only as the imide 
tautonier.^^ Other sulfonamides reported capable of ex- 
hibiting the imido tautomeric form in the crystal are 
sulfanilamide, sulfamethoxydlazlne, sulfadoxine, sul- 
fisoxazole, sulfathiazole, and suifaguanidine.'' For the 
crystalline polymorphs of the H-2 receptor antagonist, 
cimetidine, the intramolecular distances between the ni- 
trogen atoms of the imidazole ring and the guanidine 
group have been calculated from x-ray diffraction data.^° 
Also, the x-ray crystal analysis of the /3-chloramphenicol 
palmitate polymorph has led to the hypothesis of a model 
of molecular packing within the crystal.^' 

THE SIGNIFICANCE OF POLYMORPHISM 

As mentioned earlier, a change in crystal form could 
have an impact on the quality and performance of certain 
drug products. The degree of crystallinity; crystal habit, 
size, and size distribution; and the state of aggregation of 
drug particles can all affect bulk properties (e.g., mixing, 
filling, dusting) and pharmaceutical performance (e.g., 
dissolution, bioavailability, stability, suspendability, 
rheology)," To highlight the role of polymorphism in 
setting specifications for raw materials as v^etl as process- 
ing parameters, the remainder of this article provides a 
variety of literature citations and examples. 

Effects of Polymorphism on Dissolution Rate and 
Bioavailability. Dissolution rates of drugs are determined 
partly by crystal forms. Some polymorphs have identical 
dissolution rates, while others vary to a great extent. For 
example, the polymorphic pairs of both disopyramide^ 
and mercaptopurine^ and three of four polymorphs of 
tolbutamide" have been found lo have similar dissolu- 
tion rates, respectively. However, in other studies, 
polymorphs of acetohexamide,^^ chlorpropamide,^^ and 
phenylbutazone^**'^' displayed diverse dissolution rates. 
In a comparative study of the five phenylbutazone 
polymorphs, form C showed a maximum dissolution rate 
almost 55% higher than that of form A, while forms B and 
E displayed about 20 and 35% higher dissolution rates, 
respectively, than did form A; forms A and D were very 
similar in rates of dissolution.^** Since dissolution rates 
may or may not reflect polymorphic variations, these 
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cJata alone should not be used as conclusive evidence or 
polymorphism. 

Crystal formation can be controlled by choice of crys- 
tallization solvent or crystallization velocity. Most 
polymorphic preparations involve recrystalllzation 
techniques, but when a spray dryer is used, crystal ve- 
locity can be controlled.^® When the drying temperature 
of the droplets sprayed from the atomizing nozzle is var- 
ied, meiasiable and amorphous forms (both high-energy 
because of their greater heats of solution) show greater 
dissolution rates than does the most stable form, unless 
there is an extremely rapid conversion to the stable form 
In the solvent medium.®*^' Spray drying has been used to 
produce high-energy polymorphs or amorphous phases 
of carbromal,^° chlorothiazide/® hydroflumethiazide,^* 
phenobarbitaL'^-^^ phenylbulazone,^®'^^ and sulfa- 
methoxazole.^^ Also, freeze-drying has yielded amor- 
phous phases of j9-lactam antibiotics.® 

Because the absorption of many drugs is dependent on 
their dissolution rates and solubility, polymorphism may 
be crucial to bioavailability— as classical studies with 
chloramphenicol have shown. ^-^ Again, however, 
polymorphism may or may not contribute to variations in 
absorption. The absorption characteristics of various 
polymorphs of disopyramide,^ indomethacin," and phe- 
nobarbitaP* have been shown to be very similar, but it 
has been postulated that variations in the toxicity of the an- 
tibiotic nystatin in mice are caused by the differing absorp- 
iton rates of its various polymorphs. (The LD50 values of 
of nystatin suspension used in the study varied between 
23.2 and 635.4 mg/kg intraperitoneal ly, depending on 
the particular recrystallizatton technique.) In addition, 
the rates of absorption of sulfameter forms II and III in 
humans have been shown to differ (the ratio of form l( to 
form III during the absorption phase was 1 :30), although 
the extent of absorption, as indicated by 72-hour urinary 
excretion data, did not differ significantly.^® 



Effects of Processing on Crystal Form. Certain process- 
ing operations such as milling or compression can trigger 
a change in a drug product's crystal structure; therefore, 
it is important to consider the impact of a given process- 
ing operation on the crystal form, especially during 
scale-up. For example, compression studies involving 32 
drugs known to exhibit polymorphism revealed that 11 
of them were transformed under compression.^'* Spe- 
cifically, caffeine, maprotiline hydrochloride, and sulfa- 
benzamide all changed, to varying degrees, from un- 
stable to stable polymorphic forms. In the tableting of 
caffeine, transformation from form A to form B increased 
drastically (about 20%) to a plateau as the applied pres- 
sure was increased (to about 300 MpA). 

The heat and stress of the comminution process has 
been found to induce polymorphic transitions in aspi- 
rin, '♦^ clotrimazole,'*' digoxin,^' methisazone,^^ pheno- 
barbital,*^ phenylbutazone,"-^^*'**-'*^ sulfamethoxy- 
diazine,**^ sulfanilamide,*^-*® sulfathiazble,*^ and 
sulfaguanidine.^^ 

Another example involves the antiviral agent 
methisazone, which is used in various formulations as a 
fine powder and has a tendency to revert to its original 
"fibrous" crystal form upon storage-a phenomenon that 
has been referred to as the growth of whiskers. Based on 
DTA, IR spectroscopy, and x-ray diffraction analysis, the 
unground and micronized forms have been found to rep- 
resent two distinct polymorphic forms, the latter of which 
is the metastable form.*^ 

Compression studies with aspirin/*^ meprobamate,^' 
phenylbutazone,** and sulfathiazole*°'*' have also re- 
vealed that certain polymorphic forms are more suited to 
compression than others. In the case of phenylbutazone, 
for example, form A has been found to exhibit a higher 
Brinell hardness number (6.67 MNm-^) than form B (3.63 
MNm^^),** which Indicates form B's relative softness and 
ease of deformation compared with form A. In addition. 



AMIDE FORM IMIDE FORM 

SULFABENZAMIDE 




AMIDE FORM IMIDE FORM 

SULFAPYRIDINE 



Figure 6: Amide and imide forms of sulfabertzamide and suifapyridine. 
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Figure 7: Presumed hydrogen bonding 
between nabilone, a synthetic 
cannabinoid, and povidiiie (PVPl 



compression of phenylbutazone disks has been found to 
produce differences in surface characteristics, which 
were documented by photomicrography. The more- 
ihan-twofold difference in dissolution rales of crystal 
forms II and IV was attributed to the change in surface 
characteristics and crystal form/* 

The Role of Excipients in Polymorphism. Excipients, 
vehicles, and other additives may have an effect on 
polymorphic stability; e.g., the transition of sulfa- 
methoxazole to a semihydrate form has been found to be 
the reason for Its instability in aqueous suspensions." 
When used as additives, methyl cellulose, povidone 
(polyvinylpyrrolidone or PVP), and sucrose were found 
to inhibit this transition. On the other hand, car- 
boxymethyl cellulose sodium enhanced the formation of 
the semihydrate. In other studies cellulose acetate 
phthalate'^'^^ and talc^^ have been found to contribute to 
the polymorphism of spray-dried, microencapsulated 
sulfamethoxazole, while colloidal silica^^'^^ and 
montmorillonite clay^^ were discovered to inhibit 
polymorphism but contribute to amorphism. In addition, 
it has been found that ointments of prednisolone are sta- 
bilized by certain polymorphs of long-chain alcohols, 
which retard hydrate formation. 

Another example of a polymorphic phenomenon in 
formulation studies involves the synthetic cannabinoid 
nabilone, an antiemetic.** A dry-dosage form of 
nabilone-starch was found to diminish in activity after 
several days. Upon extraction and thin-layer chromato- 
graphic analysis, however, nabilone was recovered in- 
tact. On investigation, it was found that two biologically 
active polymorphs of nabilone converted to a ther- 
modynamically stable form upon grinding, exposure to 
heat, or extended storage. When the nabilone was re- 
formulated by dispersion in a water-soluble matrix of 
PVP, it was found that the PVP-nabilone complex re- 
mained in an amorphous state, preventing transition and 
the resultant loss of activity. Presumably, the phenolic 
hydroxyl group of nabilone becomes hydrogen bonded 
to the amide carbonyl of PVP in the matrix as shown in 
Figure 7, and this bonding prevents the formation of the 
intermolecular hydrogen bonds necessary for the transi- 
tion to the less-active crystal form." 



Other Polymorphic Studies. The accompanying box 
presents a compilation of recent polymorphic investiga- 
tions of organic drugs that are currently on the market. 
The majority of the studies listed focus on the physico- 
chemical aspects of the polymorphs, although a few 
stress bioavailability as well as pharmacological efficacy. 
Earlier literature, which was previously cited, covers the 
polymorphism of aspirin, chloramphenicol, erythromy- 
cin, insulin, meprobamate, novobiocin, and several 
other anticonvulsants, barbiturates, /3-lactam antibiotics, 
sedatives, steroids, and sulfonamides.'"^ 
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96 CHANNEL RECORDER AND DATALOGGER 




96 channels ol T/C, mV. mA. RTD. 
All inputs phis 192 set points scanned 
every two seconds. 
User selected trend record, dataiog 
and min/max Intervals. 
Complete math package including 
Integration and rate of change. 
Encjineering unit scaling with 
y^Mx^b or look up tables. 
Thermal printing, no ribbons or ink, 
channel ID's at all speeds. 
Computer interface; 2 way RS-232 
and current loop. 

Your choice of central or remote 
input multiplexing. 
Common high and low relays stan- 
dard; up to 36 optional relays 
available. 

Two year warranty. 



$8500 COMPLETE PRICE 
WITH MATH. AVERAGING AND COMPUTER I/O 

INTRODUCING THE MOLYTEK 9602-now up to 96 channels can be 
recorded and/or datalogged on a single chart. 

The operator has the freedom to decide which inputs will be recorded 
which will be datalogged and which will appear both ways on a continuous or 
only when in alarm basis. 

Signal conditioning is programmable with user configured slope/intercept 
or look up tables in addition to 16 ROM stored thermocouple and RTD 
linearizations. This means that any engineering unit value can be derived from 
any analog Input voltage on any channel. Furthermore, each channel has its 
own left and right margin limits for trend recording along with 2 alarm 
set points. 

The 32 character vacuum fluorescent display serves a dual purpose. First, it 
will digitally indicate the time of day along with the engineering unit values of 
selected channels. Secondly, during set up. It shows a plain English prompt for 
every programmable consideration so that the operator has no codes or 
formats to memorize. 

Due to Its distributed processing architecture the 9602 Is available with 
remote input multiplexing. This enables up to eight remote sites to be used as 
the termination points for the sensor teads. All 8 sites communicate with a 
central recorder/datalogger unit through remote transmitters over a current 
loop or RS-232. - 

Like every Molytek computer based recorder manufactured since 1979 the 
9602 features a 2 way RS-232 or current loop computer interface-at no 
extra charge. 



Call or write for more information. 
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MOLYTEK, INC. • 2419 SMALLMAN STREET 
PITTSBURGH. PA 15222 • Telex 812569 

(412) 261-9030 
From Outskle Pennsylvania (800) 245-5101 
Call ToU Ffee from Canada (800) 441-8197 
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